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Road Sector Development 

Issues In The Asian And 
Pacific Region 

Charles M. Melhuish 

Abstract 

The demand for road transport in the countries of the 
Asian and Pacific region has increased at a greater rate 
than that of economic growth. After two decades of 
robust growth road infrastructure is reach ing capac ity 
in many corridors. Over the decade to 2010 it is 
estimated that US$700 billion will be required for new 
or expanded road networks in the region. Government 
budgets are already stretched with competing demands 
from other sectors and are unlikely to be able to provide 
sufficient resources to meet road sector requirements. 
Official development assistance can only provide a 
very small proportion of the overall resources required. 
As a consequence additional resources will need to be 
sou rced from the private secto r and o ther non­
trad itional sources, and user charges increased. 
The establ ishment of a road fund shou ld be examined 
as a possible means of raising resources from road 
users. Another important issue concerns the need to 
introduce institutional reforms in publ ic sector road 
management organizations to induce greater 
competit ion, effi c iency and accountab ility. The 
introduction of commercial business practices and the 
involvement of road users in the decision making 
process requires institutional izing if road organizations 
are to be operated in line with the market. Road safety 
is a major issue in all countries and there is an urgent 
need to tackle the excessive accident rates and reduce 
the carnage currently observed on the region's road 
networks. 

A. Background 

The Asia Pacific region has been the leading region in 
terms of economic growth for the past 3 decades. 
Despite the recent set backs associated w ith the Asian 
currency crisis, the region is still expected to maintain 
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its world lead in economic growth terms, and the 
impact of the crisis is expected to pass after a period 
of consolidation of about 2 to 3 years. The region is 
expected to have learnt from the overconf idence 
prevalent prior to the cr i sis and the ind ividua l 
economies are anticipated to emerge stronger as a 
result. With the two largest economies in the region, 
the People's Republic of China and India less affected 

by the crisis, and other economies taking the necessary 
actions to address required reforms, the overal l growth 
expected for the reg ion is forecast to be in the 3 to 4 
per cent range in 1999 and possibly higher in 2000 
and beyond. These rates of growth, while significantly 

lower than those experienced in the past, are very 
respectab le by world standards and owing to a 
combination of macroeconomic reforms and due 
diligence measures, growth is likely to be more 
sustainable over the longer term. 

The high rates of economic growth attained in the past 
have resulted in very large increases in personal wea lth 
in real terms in most of the developing countries in the 
region. Th is, in turn, has contri buted to substantial 
increases in the demand fo r mobility for both 
commercia l and personal reasons. The combined 
impact has led to large increases in vehicle ownersh ip 
wi th the result that there have been very substantial 
increases in the growth of national vehicle fleets. In 
many high performance economies the magnitude of 
the vehicle fleet has doubled in less than 5 years. 
Despite the phenomenal increases in most of the region, 
vehicle ownership remains low when compared to the 
more developed cou ntries such as Japan and Australia. 
It is to be expected, therefore, that the demand for new 
vehicles and persona l mobil ity will continue to increase 
over most of the region as economies continue to 
expand and incomes increase. The demand w ithin a 
country is by no means even. As urbanization continues 
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to increase at a fast pace in most countries of the 
region, the demand for travel is increasingly focused 
upon the cities in the region and many, if not all, of the 
reg ions major c ities are characterized by their 
gridlocked traffi c congestion and high concentrations 
of air pollution. 

The demand for roads and their use is expected to 
continue to increase at a high rate over the next decade. 
The demand for mobi lity will not on ly be in the urban 
areas but also extend to travel between the smaller 
towns and rural communit ies as urban and ru ral 
economies continue to expand and become intrinsically 
interlinked and more dependent upon one another. 
Indeed the increasing impact of globalization wi ll also 
mean that national economies w ill become dependent 
upon one another to a greater extent, and this will 
result in higher demand for better international links to 
support regional and sub-regional trade and other 
development opportunities. 

The development of road infrastructure is of critica l 

importance for countries to regain and sustain high 
economic growth, improve the social l iving standards 
of their people, and remove the bottl enecks to 
international commerce and investment. Throughout 
the region poli tica l leaders and economic pol icy makers 
recognize that the lack of adequate road networks has 
become major politica l, social and economic issue 
that must be tackled quickly. The current financia l 
cris is and resultant economic slowdown provides a 
useful breathing space to el iminate existing bottlenecks. 
However, this respite wi ll not last for long, for as strong 
economic growth resumes the demand for additional 

road capacity will continue its urgency once again. 

B. Resource Requirements 
Over the period to the year 2010 the investment 
requ irements in the transport sector in the region is 
expected to surpass$ 1 trill ion. The road sub-sector is 
expected to require the bulk of the investment with 
demand probably exceeding $700 bi llion. Taking into 
account the total investments required in each country, 
and particularly the large requirements to maintain and 
extend social infrastructure as well as tackle poverty 
and environmental issues, Government budgets w ill be 
hard pressed to allocate additional resources for road 
development. The demand for investment in the road 
sector is well in excess of the capacity of public sector 
budgets in the majority, if not all countries. Therefore, 
if addi tional road development is to be provided to 
minimize the adverse impact attributable to a lack of 
capaci ty and accessibil ity on economic and social 
development, there will be a need to seek financia l 
suppor t f rom alternative sources. The primary 
alternative sources are a combination of investment by 
the private sector as well as from an increase in user 
charges. 
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A considerable amount has been written in recent years 
over the requirements to attract pri vate capital for 
infrastructure development. Such preconditions include 
a sound macroeconomic environment, a stable and 
transparent legal framework and regulatory system, a 
policy environment that promotes competition, and 

avai lability of long-term capital. 

C. Private Sector Participation 
Up to the present time most of the emphasis in the 
roads sector w ith respect to attracting private sector 
capital has revolved around the Build-Operate-Transfer 
(BOT) system and its variants. At the present time 

there are approximately 75 major tolled highway 
projects involv ing private sector finance either operating 
or under active development in Asia. Of these half are 
in cities, and most are located in the capital city. As 
noted above this concentrat ion is not surprising for it 
is where the major traffic demand is located and it is 
the tolls on this traffic which wi ll generate the financial 

revenues necessary for private sector involvement. The 
remainder of the investments are in the highly trafficked 
inter-urban corridors whi ch most often are those 

radiating from the capital city. 

With in the roads sector Malaysia has had the most 
notable suq:ess in terms of the number of completed 

BOT projects, as well as the number under construction 
and pre-construction . In the early years of private 
sector involvement Hong Kong, China was the original 
pacesetter w ith several very successful tunnel (and 
transit) projects completed. Other countries in the 
region that have successfu lly implemented BOT projects 
include Thail and, Indonesia, Philippines and the 
People's Republic of China. A recent survey of BOT 
expressways indicates that 24 projects are operational 
and an additional 22 projects are under construction. 
More than 50 additional projects are in various stages 
of plann ing and formulation. Despite the considerable 
assessed poten t ial for private sector in vestment 
relatively few countries have effectively implemented 
such projects, and the number of projects overall has 
been well below anticipated levels. In comparison 
with 5 yea rs ago it is c lear that progress in 
implementation is happening but it is occurring much 
more slow ly than originally expected. While some 
projects have been canceled many more have been 
delayed. Because of the huge size of many of these 
projects they have a sign i ficant impact on traffic 
conditi ons, and conversely w hen they are not 
implemented, there is a major adverse impact upon 
congestion and levels of accessibi lity as well as the 
local economy as a whole. Despite considerable efforts 
by many senior government officials, pol itic ians and 

private sector entrepreneurs the implementation of BOT 

projects remains highly problematic. The success of 
the completed projects is difficult to assess as no before 
and after studies are known to exist. Perhaps impact 
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assessments wi l l come to light in due course after a 
period of operation. Success evidently reflects the 
effectiveness of government in attracting the private 
sector and in devising and applying BOT procedures. 
Where th is has been well developed and poli cy 
development has been pragmatic, success is much more 
like ly. Where it is less well developed problems are 
common, and in the worst cases, often serious. 

Two years ago a Bank review of experience in BOT in 
the road sector noted the fo llowing: 

that private sector funding had been sought for a variety 
of road sector projects in a va riety of countri es across 
the region 

that there is no single, genera lly applicable model 
concession agreement for the involvement of the private 
sector 

that the different issues that need to be resolved before 
a pr ivate-fu nded project can proceed, such as 
engineering issues, revenue issues, institutional and legal 

issues and funding issues, have been addressed in many 
different ways; 

that publ ic sector support, in one of many forms, is 
usually required to complement private sector funding. 

Perhaps not unsurprisingly the conclusions of the review 

ind icated that private sector financing of roads depends 
essentially on revenues covering sufficient project costs to 
repay debt and contribute returns to the project sponsors. 
Road sector projects such as expressways, bridges and 
tunnels range w idely in scope from very large mega 
projects to modest infrastructure such as a sma ll bridge 
offering time and distance savings. There are no general 
principals on the amount of debt coverage which on at 
least one project, has been 1 00 per cent. In addition 
there are no ru les on the length of the concession period 
or the minimum rate of return required to gain the 
cooperation of the private sector. The conditions pertaining 
to projects were specific to the individual project and 
depended upon the circumstances prevailing in the country 
at the time of contract award and the financial standing 
of the project sponsors. 

Projects that have been successfu l have invariably 
demonstrated the fo llowing characteristics: they had 
revenue streams of reasonable certa inty; the projects 
were well planned and specified, and were located in 
stable and fast grow ing economies with sound macro 
economic management. With the comparatively high 
economic growth generally anticipated in the region 
well planned projects integrated into the road network 
should be bankable providing the risks are apportioned 
to those best able to mitigate them and financial returns 
are reasonable and real istic. 

The BOT mechanism genera lly app l ies to new 
construction. While this modal ity is the most common 
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in Asia there are other variations for which private sector 

funding can be sought. These include: (i) new construction, 
management and maintenance an existing transport 
corridor; (i i) no new construction but management, 
maintenance and rehabil itation of an existing road 
corridor, (iii) sale or lease of existing infrastructure built 
by the public sector, to the private sector to operate as a 
concession; and, (iv) sa le of equity in a to lled faci li ty to 
raise capital for further investment of the network. The 
latter proposals have been used by several highway 
authorities in PRC to raise capital for further extensions to 
the expressway network. 

To date there has been l ittle innovation in the BOT 
market in Asia in terms of procurement, types of 

contracts or types of projects. M ost Asian projects are 
BOT projects where a major expressway is to be 
constructed and initially operated for a period of about 
25 to 30 yea rs w ith the revenue stream being secured 
by to ll ing traffic. The main var iant has been 

mechanisms to avoid ri sk, th rough government 
guaran tees either expl icit or impl icit. In other regions 
there are a range of variants w hich may have 
application in As ia. Such possibili ties include: 

the Design Bui ld Finance and Operate (DBFO) system 
which is used in the UK and applies to a wide range 
of new construction combined w ith management and 
marntenance of existing roads: it can have performance 
criteria incorporated in the contracts relati ng to traffic 
accidents, extent of lane closures as well as traffic 
f lows. 

In Sou th Ameri ca, the ma intenance and/o r the 
upgrading of existing roads (as opposed to new roads) 
have been let as concessions w ith the costs recouped 
through tolls; and staged investment has been requ ired 
as traffic f lows trigger the need for additional capacity 
(rather than provision of fu ll capacity at the outset). 

In the Asia Pacific region there is the need to increase 
innovativeness in designing and implementing BOT 
projects. This particularly concerns the improvement 
in planning and the identifica tion and selection of 
potentia l individual projects considered to be suitable 
for private sector participation. For every individual 
project there can conceivably be a different type of 
project or concession agreement fo rmulated . As noted 
prev iously the demand for projects is high but the 
number of projects actually implemented remains well 
below anticipated levels. There is, therefore, an urgent 
need for road agencies to examine why fewer projects 
are being implemented by the private sector and identify 
possible remedial courses of action. 

One of the inherent problems associated w ith the 
partic ipation of the pri vate sector in the road sector 
concerns the plann ing process. In several cou ntries it 
is com monly perceived by the publ ic sector that it 
does not need to undertake detailed project plann ing 
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as this can be left to the pr ivate sector to f inalize. The 
transaction costs assoc iated with preparing 
feasib i lity studies, including environmental and 
social assessments, can be enormous and are high risk 
given that there is no guarantee that the project proposal 
w il l be accepted or that it wi ll be financia lly attractive. 
In some countries unsolicited bids are also permitted 
on the basis that new and original ideas might be 
forthcoming and also that transaction costs by the public 
sector can be minimized. Unsolicited bids have a role 
to pl ay but more often than not they are the cause of 
significant problems. Firstly the road agency does not 
always possess sufficient experience to understand the 
technical basis for the project and a lengthy period of 
time is requi red for the agency to undertake its own 
internal review. With limited budgets, inadequate data 
and transport planning models, and few staff with the 
required ski lls, internal rev iews by government are 
frequently inordinately lengthy. Second ly, unsolicited 
proposa ls have not always been in l ine with existi ng 
plans and programs for the sector. Given the re latively 
large investment requ irements for most projects, the 

acceptance of a proposal can have a profound impact 
upon the sector as a whole, which may be detrimental 
to the long-term development of the network. Further 
it has been noted that several unsolicited b ids have 
resulted in projects being implemented that are not 
necessarily in the public interest either from the scope 
of the project or from the conditions of contract. 
Overall there is a priority need for road agencies to be 
proactive in developing projects for participation by 
the private sector. Th is will ensure that: (i) the projects 
are in the national interest; (ii) that projects form an 
important contribution to the development of the road 
network; (iii) road agencies are able to properl y specify 
the project requirements; and (iv) that concessions can 
be negotiated by the Government from a position of 
strength given that costs, traffic levels and the impact 
on varying tolls on the level of demand are known 
estimates, and the environmental and social impacts 
have been explored . It is very important for road 
agencies to take the lead in project planning, as it wi ll 
result in better projects being tendered for private sector 
participation. It is thus important that road agencies 
have adequate budgets and resources to undertake the 
up-front feasibil ity studies including environmental and 
soc ia l ana lyses, and also complete prelim inary 
engineering designs. While the required resources 
w ill be considerable they are small in terms of total 
resource needs of the sector and will reap returns in 
better prepared projects w ith a greater degree of 
acceptabi l ity to the private sector and capital markets. 

The number of projects, which are able to fu lly repay 
total costs from a direct revenue stream, is li ke ly to be 
small in number. If th is were not the case the private 
sector would be queuing to construct and operate a 
large number of projects in every country. Only highly 
trafficked roads can be tolled and, therefore, only a 
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small proportion of the network is likely to consist of 
toll roads and such roads are unlikely to exceed 5 per 
cent of the major national road network. Tolls are part 
of a useful strategy but they are only likely to cover a 
small part of the resource requ irement problem. In 
rea lity the majority of road projects will not be able to 
repay their costs based upon reasonable to ll levels. 
The private sector w ill only enter into agreements that 
demonstrate a reasonable certainty of return, even if 
that return has little direct applicabil ity to the actual 
project. For all projects the pub I ic and private sectors 
need to work together in a very close partnership for 
the venture to be a success. The public sector 
needs to provide assurance to the private sector entity 

that it fully supports the project proposal to demonstrate 
that both parties are strongly committed to the project. 
This w ill generate greater confidence in the proposal 
and wi ll gather stronger support from potential financial 
participants. For road sector projects there also needs 
to be close collaboration between the public and private 
sectors. Since the publ ic sector establishes the pol icy 
framework its involvement and support of projects is 
crucia l to the success of individual projects. For 
instance projects in the road sector generally requ ire 
substantial land areas and it is on ly the public sector 
that can make land avai lable. In urban areas where 
the majority of BOT expressways are located the land 
costs frequently amount to half the tota l project costs. 
For projects to maximize their util iza tion, accessibil ity 
w ith the adjacent road network w ill need to be 
improved and this is l ikely to require complementary 
investment from the public sector. Another feature is 
that few projects can tru ly be implemented by the 
private sector w ithout some financial support from the 
public sector. The common perception that all road 
projects are "go ld mines" able to generate large 
quantities of funding, needs to be redressed. If road 
sector agencies want to maximize the level of financial 
support from private sector sources it is likely that 
financia l support wou ld need to be provided for the 
majority of projects if cost effect ive deals are to be 
closed. There are many examples where bidding 
documents have requested bidders to identify the 
amount of financia l support or equ ity investment 
required from the publ ic sector to make the project 

bankab le and implementable. 

D. User Charges 

In addition to securing investment resources from the 
private sector there is also the important need to review 
user charges. In Asia those cou ntries wi th we ll 
developed networks and large veh icle fleets tend to be 
characterized by the situation where the revenues from 
the sector are significantly larger than expenditures. 
However, this does not imply a satisfactory situation 
si nce maintenance expenditures are often below 
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requirement levels and investment is frequently less 

than optimum. Road agencies together with their 
respective national planning and finance agencies need 

to periodically examine user charges to see that they 

are appropriate for conditions pertaining on the network 

(as wel l as between modes). In this respect it should 

be noted that not al l charges might be reasonably 

assumed to accrue for road development. For those 

taxes that occur across the economy, such as value 

added taxes or sales taxes, the amount levied should 

go towards the general expenditures of the economy. 

However, it might be possible to add tax and fee 

components specifical ly for road sector development 

and it is these possibil it ies that need to be examined to 

generate addi tional resources for roads and road 

development. The examination of road user charges 

needs to focus upon those charges that would vary 

with road use rather than fixed charges. Variable charges 

are considered preferable on grounds of equity not 

only because they are contributed to by actual use of 

the network, but they also have a closer approximation 

to the pricing system in a market economy. In economic 

terms they are more efficient in resource allocation . 

During the next decade road authorities can be expected 

to be more preoccupied with congestion and pollution 

pricing as these issues increase in economic and social 

importance and rise to the top of pol itical agendas. 

Whi le surcharges on fuel are very cheap to collect and 

are able to raise considerable revenue, other forms of 

pricing are also likely to be attractive. The concept of 

electronic pricing has been discussed fo r several years 

and a large-scale experiment was conducted in Hong 

Kong, China in the early 1980s that proved such 

possibili ties are technically workable. Most recently 

Singapore has introduced electron ic road pricing using 

smart card technology on part of its congested network 

and it wi ll be most interesting to see the impact after 

a period of operation. New Zealand is experimenti ng 

w ith satellite based GPS systems and anticipates that 

such a system will be implemented on its trucking fleet 

within a few years. It is expected that the system wi ll 

be extended to the rest of the vehicle fleet when the 

demand for the technology is such that the costs will 

reduce to acceptable levels. If such systems can be 
demonstrated to work, and overcome the hesitancy 

associated with loss of personal freedoms, they are 
likely to become very attract ive for road agencies, 

particu larly those having to cope wi th high levels of 
congest ion. Electronic pricing w ill enable road agencies 

to manage their networks using market principles by 

adjusting price according to demand and supply 

relationships. In addition the traditional sources of 

revenue such as vehicle registration fees, driver licenses, 

road user charges, and a portion of fuel taxes need to be 

reviewed from time to time to ascertain whether an 

increase is warranted . 
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E. Road Funds 

In some parts of the world including j apa n, Korea, 
New Zealand and the USA road funds have been 
established to provide resources to maintain and extend 
the road network . The basic concept of a dedicated 
fund is to guarantee that sufficient resources w ill be 
avai lable to undertake the anticipated work and thus 
ensure sustainability of the infrastructure over the long­
term. Since the va lue of a country's road network is 
worth between one-half and 3 t imes the annual GOP, 
and the annual costs of road transport and road 
management are commonly in the range of 3 to 7 per 
cent of its Gross Domestic Product, preservation of the 
investment should be gi ven high priority. The 

establ ishment of a road fund is usually based on the 
premise that the fund shou ld only consist of road user 
charges and exclude resources from any other source. 
It is important to consider the funds as charges for road 
use and not as a Government tax. In this way there is 
no controversy over their commitment for investment 
in the road network. The objectives of the fund shou ld 
be clearly stated so that it is easy to demonstrate 
whether it is ach ieving its intended purpose. It should 
also be managed transparently, ideally by a team led 
from outs ide the sector, and including representatives 
from a d iverse background of users as well as 
Government representatives. Accountability must be 
par·amount and investment cr iteria for allocating 

resources well understood. The establishment of 
dedicated road funds enables resources to be committect 
with.out recourse to annual comm itments by legislators 
which are frequently subject to the vagaries of politica l 
change. The major benefit of creating a dedicated 
road fund is that it is the mechanism that is most likely 
to generate the level of resources required to properl y 
manage a road network. 

It can safely be said that road agencies need to explore 
all options. The creation of a dedicated road fund 
could provide the bulk of resources required to sustain 
an efficient road network, but alternative sources of 
funding and participation by the private sector can 
make very important contributions, particu larly on high 
volume rou tes where to lls revenues can be used to 

repay investment costs. 

F. Institutional Reform 

Closely li nked to the question of financing is the issue 
of the institutional effectiveness of the public sector. 
For most of the countries in the region development 
and management of the roads sector is widely 
considered to be the preserve and obligation of the 
public sector. However, increasingly i t is recogni zed 
that while the publ ic sector needs to carry out its 
obl igations both efficiently and effectively, it needs to 
operate more like the private secto r. It needs to be 

Vol.7 No.1 



operated and managed on commercia l lines. In many 
countries the public sector has been used extensively 
as a tool of publi c employment po l icy and 
bureaucracies have been filled with large numbers of 
staff with little regard to actual work needs or practices. 
For instance within the past decade it was common to 
f ind that high proportions of road maintenance budgets 
were allocated for staff salaries and administrative 
services leaving minimal al locations to be spent on 
physical maintenance activities. In some countries 
maintenance funds are used primarily for other purposes 
such as improvement or upgrading as allocations for 
these purposes are often substa nti all y below 
requirements adding considerably to a backlog of future 
requ ired investment. 

One of the basic problems with road agency operations 
in many of the Asia Pacific countries is the almost total 
separation between the road sector providers and road 
users. Commonly road agencies plan road networks, 
receive and spend budget resources without an y 
recourse to users. Road users have no sense of 
ownership even though they are paying both directly 
and indirectl y through the tax system for the 
development, ma intenance and management of the 
road network. Road agenc ies have the responsibi lity 
to implement the political decisions of Government 
and one of their prime concerns is to ensure that funds 
are d isbursed as appropriated, and not whether they 
are consistent with the priori ti es of road users. In a 
commercial ly oriented organization high priority is 
accorded to customer satisfaction, even in a public 
sector organization. There is the need to create greater 
awareness in road agencies as to the role and attitude 
that public sector institutions and employees should 
have and a better understanding of the service they are 
providing on behalf of the population as a w hole. At 
the presen t t ime there is generally littl e public 
awareness or accountability in the present institutional 
framework as road agency personnel are largely not 
answerable fo r their act ions or inaction's to the publ ic. 
This long established situation gives rise to a system 
w here everyone is able to bl ame everyone else for the 
resu lti ng problems. To enhance the efficiency and 
effectiveness of road sector operations there is an 
increasing req uirement fo r sector agenc ies to become 
much more aware of their responsibi I ities and to 
integrate the demands of road users into their regular 
business practices. 

There is also the need to review the business practices 
of road agenc ies to ensure that the efficiencies of the 
private sector are also being approached, if not attained, 
in th e publ ic sector. In severa l countr ies th e 
Government has taken the decision to outsource those 
activities that can more appropriately and efficiently 
be undertaken by private en tities. Construction is 
commonly undertaken through contracts awarded on 
a competitive basis and a number of countries now 
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a lso outsource road maintenance to private 

contractors. Outsourcing and other commerc ial 
practices can be applied widely across the sector 
including the planning, design, construction and 
maintenance functions incl uding operation of pl ant 

and equ ipment workshops. Wh ile few countries such 
as Malaysia have actual ly decided to outsource a high 
proportion of its operations, a number of others 

including the Philippines are studying the possibili ty 
of extending the amount of work activities that could 
be undertaken by the private sector. In New Zealand 
and parts of Australia commercialization, including 

corporati zat ion and priva ti zation , have been 
implemented on a wide scale. Almost all aspects 

that can be undertaken by the private sector have 
been either contracted out or sold: remaining entiti es 
have either been corporatized or have remained as 
state enti t ies wi th the major difference that they have 

been restru ctured to ope rate using com merci al 
business practiees. Government departments have 

been reduced in size substantially and have been 
refocused to concentrate on planning and managing 
the sector. The changes have been drastic but have 
resulted in large-sca le effi c ienc ies. Fo l lowing 
restructu ri ng of the publi c sector th e rema in ing 
components of the agenc ie s that remain in 

Government's hands are operated similar to businesses 
in the private sector: their operations are based on 

well defined corporate plans which identi fy clear 
goa ls and objectives. Performance criteria are an 
integral part of the plan that is regularly monitored to 
establish feedback and determine whether performance 
is being attained and the goals and objectives met. 
The planning process is focused upon achieving 
outcomes rather than inputs and ou tputs. Thi s is 

because outcomes are the end result of a seri es of 
inputs and outputs and i t is the overa ll resul ts 
that are important to policy makers. They are interested 
in ascertaining whether the intended policies are 
being achieved and are less interested in how they are 
being achieved. To maintain efficiency Government 
agencies should have to compete w ith private sector 
companies to obtain contracts from Government rather 
than automatically be awarded all contracts in the 
sector. The institutional changes, wh ich were in itiated 
in New Zealand and have subsequently been adopted 
in Austra lia and other countries have resu lted in 
w idespread efficiency ga ins, and have had a profound 
impact upon the public perception of the public sector. 
It is perhaps not possible to say w hether similar forms 
of institu ti ona l restru ctu ring and introduction of 
commercial practices wi ll be full y endorsable in the 
Asia Pacific context and it wi ll up to the individual 
country's po litica l and social culture to determi ne 
w hether and to w hat extent restructu ring can be 
undertaken. Nevertheless road agencies need to examine 
the spectrum of possible efficiency impacts to determine 
how they, and the country as a w hole, might benefit from 
them. 
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G. Road Safety 

Road safety is of major concern throughout the Asian 
and Pacific region. Road accidents are already a major 
cause of death and are expected to rise dramatically if 
actions are not taken to address the primary causes. 
While the region as a whole is generally in the early 

stages of motorization vehicle ownership is increasing 
steeply in many cou ntries and veh icle fl eets are 
doubling every 5 to 7 years. In many countries a high 
proportion of vehicles are 2-wheeled motorcycles and 
non-motorized vehic les and many users of the road 
environment are pedestrians. These facts coupled wi th 
the relatively young age of the population and the 
relative lack of awareness and attention given to 
tackling road safety are factors that contribute to the 
road safety problem. Official statistics indicate that at 
the present time approximately 250,000 road deaths 
occur each year and a further 3 million people are 
severely injured or crippled due to road accidents. If 
actions are not taken to address th is issue the m!mber 
of deaths is expected to ri se to at least 500,000 a year 
with in the next decade. Of particular concern is the 
severity of the road accident problem that is reflected 
in the h igh accident rates that are occurring in many 
developing countries. The number of deaths per 10,000 
vehicles is significantly above levels currently attained 
in Australia, UK or Japan. Many countries in the region 
have fatality rates between 20 and 30 times those of 
Austra lia, and even those at the lower end of the sca le 

record an 8 to 10 times increase. On the evidence 
available there is substantial cause for alarm and 
considerable room for improvement. The cost of road 
acc idents imposes a considerable burden on the 
economies of the region and conservative estimates 
indicate that at least $20 billion a year is lost through 

road accidents. 

H. Conclusions 

In conclusion the road sector in the Asia Pacific region 
is at another turning point. Over the next decade 
economic development is expected to continue at a 
slower pace than in the past 20 years, but is anticipated 
to attain a level which will continue to increase the 
pressure on existing road infrastructure. In most 
countries substantial additional road capacity will be 
needed to sustain economic and social development 
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and thi s w ill require considerable financial resources 

generally in excess of current budgetary allocations. 
Estimates suggest about $1 trillion w ill be required for 
the transport sector as a who le with the demand from 
th e road sub-sector exceeding $700 billion. 
Governments wi ll need to provide the bulk of the 
capital requirements although a sign ificant portion 
should be possible to source from the private sector. 
Since the majority of the works expected to be attractive 
for private sector participation are li kely to be la rge 
projects for which toll revenues wi ll be available to 
repay costs, they will inevitably be the largest and 
most important components of road sector development 
plans. The private sector cannot operate in a policy 
vacu um and can only respond to public sector policies 
and initiatives. Therefore, the private sector cannot 
participate in the road sector without support from the 
public sector, as it is the latter that determines road 
sector pol icy and strategy. As a result it is critical that 
the public sector creates the necessary framework for 
private sector participation which needs to be viewed 
as a partnership. In addition it is necessary for agencies 

to examine road user charges to see whether there is 
scope for increas ing revenues for road sector 
development wi th a particular focus on charges that 
vary with road use. In this context it is important to 
distinguish road user charges from taxes. In some 
countries there may be possibilities for establ ishing 
dedicated road funds which are a re liable means of 

allocating resources for road deve lopment and 
management and the most li kely means for prov iding 
sufficient funds to sustain road networks. In the future 
more emphasis will be placed on the efficiency of the 
public sector wh ich needs to be managed using simi lar 
commercial criteria and techniques as pri vate sector 
entities. Outsourcing of opera tions that ca n be 
competently undertaken by private companies need to 
be assessed and either corporatized, privatized or 
contracted out. Du ring the next decade road agencies 
will need to place greater emphasis on management 
and management techn iques for in their new role the 
effic iency and effectiveness of their operations w ill 
place high priority on using modern management ski lls 
accompanied by advances in technological innovations. 
Last but not least is the need to tackle deteriorating 
road safety. The number of fatal ities and injuries 
sustained on the region's road networks has reached 
very high levels, which is placing a large economic 

and social cost on individual economies. 
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The Problem 
With increasing motorization, road networks have been 

extended world-wide w ith several impacts on societies, 

economies and industries. Traffic volume has increased 

tremendously during the last fifty years and will continue 

to grow for the foreseeable future. In extend ing the 

road network, increasing numbers of tunnels are 

necessary not only in mountainous areas but also in 

and around built-up areas in order to reduce noise and 
the effects of air pollution. 

Among the goods transported by road, some have a 
spec ial attribute: they are hazardous or dangerous. 

This means they are flammable, explosive, radioactive, 

poisonous or present some specific danger for man 

and environment. Specia l risks occur if these goods 

are transported through tunnels . Internation al 

regulations, such as th e Un ited Nation s 

Recommendations on the Transport of Dangerous 
Goods ("Orange Book") or the European Agreement 
on the Transport of Dangerous Goods by Road (ADR), 

classi fy goods for road transport conditions in general. 

However, there are no ex isting international rules or 
recommendations for the transport of dangerous goods 

through tunnels for many reasons, including: 

1. Tunnels are very d ifferent in construction, length, 
equipment, traffic conditions, etc. 

2 . There are different detour routes. 

3. There are d ifferent policies in different 
countries . 

4. T here are somet i mes very different local 
c ircumstances. 

On the one hand, the low transport costs and journey 
t imes associated with tunne ls lead to increasing 

transport volumes and, concurrently, greater dema nd 
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to allow dangerous goods through t hese tu nnels. O n 

the other hand, society is increasingly sensitive to safety 

issues, resulting in a trend toward restricting dangerous 

goods through tunnels. O ne goal of the project is to 
address these competing demands. 

The following factors can be used to descr ibe the 

structure of the problem : 

growing average tunnel length; 

growing traffic volume in general; 

increas ing need for longer distance in transporting 

of dangerous goods; 

no general recommendations on the need for, nor 

uniform procedure for, ca l cu lati ng t he ris k of 
dangerous goods transport through road tu nnels 

in a quantitati ve manner; 

no international harmon ized recommendations for 

decis ions on how to hand le t he t ransport of 

dangerous goods through tu nnels. 

Some countries are very much aware of the need to 
find an international so lut ion. However, there are st ill 

other countries that do not fully recognize th is growing 
and potentially serious problem for society. 

The project 
Due to an urgent need for scienti fic treatment of this 
problem, the two international bodies w ith extensive 
experience in the road transport f ield - the OECD 

Road Transport and lntermoda l Linkage Research 
Programme (RTR) and the World Road Association 

(PIARC) - have joined forces in a common research 

project entitled"Transport of Dangerous Goods t hrough 

Road Tunnels" . Four tasks have been defined: 

REAAA jOURNAL 



Task 1 : Review current national and international 
regulations; 

Task 2: Refine and/or develop methodologies 
relating to risk assessment and the decision 
process; 

Task 3: Identi fy and priorit ize r isk reduc tion 
measures (including transport and tunnel 
operation); 

Task 4: Conclusions and recommendations. 

From the beginning it was clear that th is work wou ld 
need financial support to collect the necessary data, 
develop the methods and models and test them in practice 
with the final users. A research plan that outlined the 
timing and budget needs was designed and countries 
were asked to financially support the work. A number of 
these countries took the opportuni ty to participate in th is 
internationally coordinated and controlled research project 
because they believed it w ould have significant 
implications on their safety, environment and traffic 
policies. For an individual country to develop a similar 
project would cost several times more than thei r 

contribution to th is international effort. 

The Project Structure 

Referring to Figure 1, the RTR Steering Committee and 
the PIARC Committee on Road Tunnels make decisions at 
the executive level concern ing the objectives, initiation, 
organization, financing and follow-up of the project. They 
have created an Executive Committee to oversee the 
financial and policy issues. The Scientific Expert Group 
prepares the detailed objectives, plans and budget and is 
responsible for the general advancement and the results 
of the project. Three sub-groups have been established to 
deal w ith the various tasks. 

Task 1: Review of current national and 

international regulations 

Task 1 is aimed to answer the question: What is the 
situation in different countries in this field? Its objectives 
were to provide an overview of current regulations, 
evaluate their qualities and the problems they pose, and 
to draw lessons on needs and requirements for new 
regu lations. This task was divided into two missions. Both 

missions were carried out by a Norwegian consultant and 
have been completed. The reports are freely available [6, 
7] on the internet: www.oecd.orgldsti/sti/transport/road. 

Mission 1: 

Mission 2: 

A survey by mail to facilitate the collection 
and analysis of ex isting data. 

The examination of appl ication (or other) 
problems on an interview basisior a select 
number of countries leading to a set of 

conclusions. 

Mission 1 : The Survey 

Mission 1 of Task 1 consisted of a survey. A questionnaire 
was submitted to 24 countries in January 1996. 22 
countries returned the completed questionnaires. One of 
the countries does not have any road tunnels, hence the 
analysis is based on the answers from 21 countries. A 
technical report and a database covering the information 
for each reported tunnel are now available. 

The main results of the survey are (Figure 2): 

Most countries have no general rules and regu lations 
for the transport of dangerous goods in tunnels, but 
rules and regu lations applying to specific tunnels 
have been developed in a number of countries. 

In Europe, the ADR or codes based on the ADR 
are common ly being used for defi ning the transport 
of dangerous goods by road. Most US states and 
Canadian provinces follow codes in compliance 

Figure 1: Organisation of the ERS2 Project on 
Transport of Dangerous Goods Through Road Tunnels 

OECD/RTR 
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with the UN Orange Book. Australia and Japan 

have their own codes for defining dangerous goods 
by road. 

In comparison to tun nel-rich countries such as 
Norway and Italy, countries and/or regions w ith 
few tunnels (the Netherlands and the Belgian region 
of Flanders, for example) often have more and 

stricter regu lat ions regarding the transport of 
dangerous goods in tunnels. 

Two acc idents in road tunnels involving dangerous 
goods were revealed in the questionnaires. (However, 
the PIARC Road Tunnels Committee members are 
fami liar with others.) 

In th e majority of countri es with road traffi c 
regulations for tunnels, tunnel specific rules are appl ied. 
However, only 30% of countries have genera l 
rules for the transport of dangerous goods in tunnels. 
This orientation and the rather complicated mix of 
systems therefore make international transport very 

d ifficult. 

As Figure 3 shows, ri sk assessment is not often 
used as decision support criteria for restricting the 
transport of dangerous goods. Th is so-called general 
experience is the main practice for restr icting the 

transport of dangerous goods. 

Figure 2: General and Specific Rules for Transport of Dangerous Goods Through Road Tunnels 

regions 
10% 6% 

21 countries (42% w ith road traffic regulations for tunnels 
52% w ithout road traffic regulations for tunnels) 

to ll 
tunnels 

3% 

50% 

General rules for transport of 
dangerous goods in tunnels 

Basis for rules 

Figure 3: Decision Support for Restricting the Transport of Dangerous Goods Through Tunnels 

I Decision support for restrictions I 
I 

Risk assessmE'nt Others 
38% 62% 

I I I 
Genera l risk Risk assessment General Available alternative Others 
assessment for each tunnel experience route 

16% 22% 24% 18% 20% 
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The responsibility for enforcement of rules is also not 

uniform in the responding countries. The police are 
responsible in 47% of cases, tunnel operators in 29% 
and ministries of transport in 20% (Figure 4). Assignment 
of responsibility for enforcement depends on the type 
of road going through a tunnel. 

Figure 4: Responsible Body for 
Enforcement of Rules 

Others 

Ministry of 
Transport 

20% 

Tunnel Operator 
29% 

4% 

Police 
47% 

It is important to have good information on the means 
of enforcement in order to truly know whether or not 
a system is working. Figure 5 shows that spot checks 
are the principle means of enforcement. The responses 
to the questionnaire also highlight that the exact number 
of vehicles transporti ng dangerous goods through 
tunnels is currently unknown and statistics on the 

quantity of i llegal transport are not avai lable. 

Figure 5: Means of Enforcement 

Vehicle tagging 
18% 

Vehicle convoy 
Others 4% 

Spot checks 
54% 

These few examples of the findings of Mission 1 strongly 
support the need for international research such as this 
project. These findings are also important for both the 
comparison between countries and as background 

information for fu ture work in PIARC and OECD. 

M ission 2: Detail ed information and evaluation 

Mission 2 of Task 1 was performed in 1997. From the 
results of M ission 1, the following countries were chosen 
for interviews: Austria, France, Germany, Hol land, 
Japan, Norway, Switzerland, United Kingdom and 
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United States (State of California). The results of this 
interview-based study supplement the questionnaire 

results of Mission 1. 

A great variety of restrictions are imposed on the 
transport of hazardous materials in road tunnels. These 
include: inter-vehicle distance, speed l imit, hourly/daily 
lim itations, escort ing req uirements, mandatory 
notification of cargo, amount and type of substances, 
requ irements for vehicle and tunnel provisions, and 

others. 

There is limited information avai lable on how existing 
regulations are respected by dangerous goods carriers, 
though infringements are known to take place at least 

in tunnels with no permanent contro l. The level of 
control and attention from the police or fire brigades is 
limited to spot checks (or none at all) in most cases. 
The exceptions are at tunnels crossing borders where 
permanent contro ls are performed by customs 
personnel. 

Many of the problems identified in the Mission 2 report 
could be dea lt w ith by introducing proper and 
standardized (international) road signs for dangerous 
goods restrictions and provid ing informati on on 
avai lable diversion routes (by road). In addition, hauliers 
could be made aware of the various regulations through 
an extensive distribution of information in offic ial 
gazettes or newsletters. For foreign hauliers, relevant 
material should be made avai lable at border crossings 

or at toll stations. 

A statistical analysis of tunnels can partial ly explain 
some of the seemingly contradictory findings. Figure 
6 shows the relationship between traffic volume and 
length of tunnels in different countries. Very high traffic 
volumes w ith 100,000 vehicles per day or more are 
only found in tunnels shorter than 2.5 km. In tunnels 
over 4 km the average dai ly traffic is below 25,000 
vehicles per day. However some of the longest tunnels 
have traffic near 20,000 vehicles per clay, which is still 

heavy. 

This can be better understood by distinguishing between 
urban and rural areas, as tunnels in urban areas 
normally have high traffic volumes and short lengths. 
Most of the urban tunnels identified in the study have 
a length less than 2 kilometers, though the longest is 

sl ightly over 3 kilometers. 

Task 2: Methodologies relating to risk 
assessment and the decision process 

The objective of Task 2 is to recommend methodologies 
and propose models for evaluating risks in tunnels, 
comparing them with alternative routes and proposing 

decisions using standard formulations. 
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Figure 6: Traffic Volumes in Different Length Tunnels 
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Phase I 

An inventory and comparison of existing methods to 
eva luate ri sks in tunnels were presented at a seminar 
in Oslo in March 1996 [8]. After the seminar, the 
Scientific Expert Group structured Task 2 as a 
Quantitative Risk Assessment (QRA) followed by the 
use of a Decision Support Model (DSM). 

At the same time, i t was proposed to develop a grouping 
system (GS) for loadings of dangerous goods. Th is 
system cou ld be used in harmonized tunnel regu lations 
to facili tate decisions ranging from the allowance for 
all dangerous goods to the allowance for none. 

Phase II 

As a consequence of the above, the second phase was 
split into three activities that run in parallel: (a) Quantitative 
Risk Assessment, (b) Grouping of Dangerous Goods 
Loadings and (c) Decision Support Method. 

(a) Quantitative Risk Assessment 

Detail ed spec ifi ca t ions were prepared for the 
development of a model and submitted to a peer review 
group composed of leading insti tutes and experts in 
the field of Quantitative Risk Assessment. This review 
was followed by an international ca ll for tenders, the 
eva luation of the tenders and the choice of consu ltants. 
A conso rtium of French, British and Canadian 
consu ltants is currently developing the model which 
w ill be validated using several test cases. 
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The first step of the work was to choose the dangerous 
goods and the scenarios involving those dangerous 
goods which would be examined by the QRA model. 
The dangerous goods chosen were: 

HGV with dangerous goods, 

LPG in cyl inders (SO kg), 

Motor spirit in bulk (30,000 1), 

Ammonium in bulk (20 t), 

LPG in bulk (18 t) . 

Using the selected dangerous goods, a number of 
scenarios were chosen for the development of the QRA 
model. The scenarios were chosen so as to get a 
probabi lity consequence product that is not negligible 
in the tunnel or in the open. Consequently, in the 
majority of scenarios chosen it is assumed that the 
whole quantity of dangerous goods transported are 
involved in the scenario. The fo llow ing scenarios were 
chosen: 

1. HGV fire (20 MW) 

2. HGV f ire (100MW) 

3. Boil ing Liquid Expanding Vapour Explosion (BLEVE) 

of LPG transported in a SO kg cylinder 

4. Pool fire of motor spirit following a release through 
a 80 cm2 breach of a bulk compartmented (thin 
surface easy to puncture) or non-compartmented 
(more robust) tanker. 
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5. Vapour Cloud Explosion (VCE) of motor spirit 

fol lowing a release through a 80 cm2 breach of a 
bulk tanker. 

6. Toxic re lease of ammonium following a 50 mm 
diameter breach of a bulk tanker. 

7. Boiling Liquid Expanding Vapour Explosion (BLEVE) 
of LPG transported in bulk. 

8. Vapour Cloud Explosion (VCE) of LPG fo llowing a 

50 mm diameter breach of a bu lk tanker. 

9. Torch fire of LPG fo llowing a 50 mm diameter 
breach of a bulk tanker. 

For some DG, there is only one associated scenario. 
For LPG, there are 4 associated scenarios. Nevertheless, 
even in the case of a DG with only one associated 
scenario, numerous calculations w ill be carried out by 
the model and a great many points wi ll form the 
Frequency I Number of Casualties curve. 

This is because the spreadsheet wi ll take into account: 

different global traffic (peak hours, normal, quiet), 

different DG traff ic (peak hours, normal, quiet), 

different open route sections with varying surrounding 
popu lation densities, 

probably different delays for the forbidd ing of access 
to the dangerous location, 

probably different delays for the occurrence of the 
scenario, 

different in-tunnel locati ons of the scenar io 

occurrence. 

The FORTRAN program of the model uses a two 
dimensional description of the population in the open, 
taking into account data on population distribution, 
work day population, the road, the tunnel, methodology, 
and the environ ment. 

Consequences of the selected scenarios 

It is necessary to assess the physical and then the 
physiological consequences of the scenarios. These 
consequences wil l be assessed for "normal sites and 
conditions", for example, the presence of a refinery along 
a route section which may trigger scenarios on the road 

would not be taken into account. In the same manner, 
specific external conditions of a tunnel would not be 
dealt w ith. The exception might be for underwater tunnels 

for which a roof collapse could be considered. 

For practical use, four test cases were chosen which 
cover a w ide range of different characteristics (length, 

type of traffic, urban, landscape or mountainous area). 
Figure 7 gives an example of an event tree for the 
" BLEVE" situation. The model has been avai lable since 
December 1" 1998 and is now in the validation phase 
in which the fo llowing countries are taking part: Austria, 
France, Norway, Netherlands, Sweden, Switzerland, 
United Kingdom, United States 

An important part of the development of the QRA 
model was the estimation of the risk of accidents and 
incidents involving heavy goods vehicles and especially 
with vehicles transporting dangerous goods. This work 

is incorporated with in the QRA model "tool box" . 

Figure 7: Example of an Event Tree for the BLEVE Situation 

I 
I I 

The torch is Torch fire 
oriented towards from a 
another cylinder cylinder 

PI P2 

Pl , P2, ...... =probabi li ties 
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Groupings of dangerous goods loadings Grouping C: Al l loadings in group ing B except 

those which may lead to a large 

toxic gas release. 
A first proposal has been drafted to establ ish 3 to 5 

groupings of dangerous goods loadings to be used in 

standard tunnel regulations. A discussion document is 
avai lable [9] and has been submitted to most interested 

international bodies, including those of the United 

Nations in Geneva in charge of dangerous goods 

transport. 

Grouping D: All loadings in grouping C except 

those which may lead to a large 

fire. 

Grouping E: No dangerous goods loadings 

exceeding the limited quantities 

(UN chapter 15, ADR marginal 

10 011). 
There are several ways to deve lop groupings of 
dangerous loadings for a practical system. An example 

of a system w ith five groupings was derived as fol lows: 
Grouping E cou ld be merged with grouping D, leading 

to four groupings on ly, if loadings w ith minor 

hazards were deemed acceptable in all road 

tunnels. However it is probably preferable to keep 

grouping E so as to have the possibi lity to ban all loadings 

for which a special marking is required, just as in the 

open. Table 1 gives an example groupings drawn up by 

the French authorities in charge of the transport of 

dangerous goods. 

Grouping A: Al l dangerous goods loadings 

authorized on open roads (by UN 

or ADR regulations). 

Grouping B: All loadings in grouping A except 

those which may lead to a large 

explosion. 

Table 1: Example of Loadings Using Five Groupings 

Class Grouping A Grouping B Grouping C Grouping D 

(All loadings (Grouping A minus (Grouping B minus (Grouping C minus 
authorized by ADR) risk of large risk of large toxic risk of large fire) 

explos ion) gas release) 

1 All ADR10011 ADR 10 011 ADR 1 0 011 (1) 

2 All F, TF, TFC in F in cy linders only. A, 0 
cylinders on ly. A, 0 
A, 0 , T, TC, TO, 
TOC 

3 All All except No.6 No. 1-5, 31-34, No. 1-5, 31 -34 in 

and 7 61c packages 

4.1 All All except All except PG II, Ill except 

self-reactive B self-reactive B self-reactive 

4.2 All PG I in packages PG I in packages PG II, Ill in 

PG II, Ill PG II , I ll packages 

4.3 All PG I in packages PG I in packages PG II, Ill in 
PG II, Ill PG II, Il l packages 

5.1 All PG I in packages PG I in packages PG II , Il l in 

PG II, Ill PG II, Ill packages 

5.2 All All except type B All except type B ADR 10 011 

6. 1 All No. 11 -90 No. 11 -90 PG I in No. 11 -90 PG I 
packages in packages 

No. 11 -90 PG II, Ill No. 11-90 PG II, Ill 

6.2 All No.2, 3, 4 No.3, 4 No.3, 4 

7 All All Al l except UF. All except UF 

8 All All except No.6 PG I in packages PG I in packages 

PG II , Ill PG II, Ill 

9 All All All All except No. 4 
in bulk 

1. Other possibil ity: forbidden 

2. PG = Packing Group 

Grouping E 

(Not more than limited 

quantity of ADR 1 0 

011) 

ADR 10 011 (1) 

AD R 10 011 

ADR10011 

ADR 10 011 

ADR 10 011 

ADR 10011 

ADR 10 011 

ADR 10011 

ADR10011 

ADR 10 01 1 

ADR 10 01 1 

ADR 10011 

ADR10011 

3. For classes 3, 4, 5, 6, 8, 9, substances that do not have a letter in the ADR list shou ld be considered as PG I 

4. Transport of the limited quantities specified in ADR 10 011 is authorized in all groupings 
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Consistency with the QRA model development under 
Task 2 of the Research Project 

There are strong links between the development of the 
QRA model and the definition of groupings of dangerous 
goods loadings : 

the QRA model must in co rporate accident 
scenarios representative of each of the groupings, 

each load ings group should correspond to the 
poss ib i lity that one or other of the acc ident 
scenarios included in the QRA model happens: 

The terms of reference for the development of the QRA 
model require that five accident cases should be studied: 
heavy fire without dangerous goods; motor sp irit 
transported in bulk; chlorine transported in bulk; LPG 
transported in bu lk and in cylinder. Table 2 shows that 
these scenarios are quite well representati ve of the f ive 
groupings described in the previous paragraph: 

Table 2: Accident Cases Representatives of 
Each Grouping for the QRA Model 

Grouping of loadings Representative accident cases for QRA 

Grouping A LPG in bu lk and in cyl inders; ch lorine 

in bulk; motor spi rit in bulk 

Grouping B Chlorine in bu lk; LPG in cyl inders; 

motor spirit in bulk 

Grouping C Motor spirit in bulk; LPG in cylinders 

Grouping D Heavy fire without dangerous goods 

Grouping E Heavy fire without dangerous goods 

The next step is to discuss these proposals inside and 
outside the Scientific Expert Group in order to achieve 
decisions on the principles first, and on the definition 
of groupings of dangerous goods load ings afterwards, 
and certain ly after further work has been undertaken. 
This will include checking the relevance of the proposed 
systems in more detail vis-a-vis the QRA model being 
currently developed in the framework of the Research 
Project. 

Decision Support Model 

A consu ltant was charged with the task of reviewing 
ex ist ing dec ision support models and asked to 
recommend whether existing models cou ld be adapted 
for the purposes of this project or if a new model 
needed to be developed. 

Since Decision Support Models are often used in different 
fields of science no new tools need to be developed. The 
survey of the models gives an overview of the terminology, 
the types of Decision Support Models, including the basis 
decision analysis, multi-attribute decision analysis, cost 
benefit analysis and other methods. The practical use of 
decision analysis described with ill ustrative examples. A 
number of decision processes were discussed, the next 
step of the project wi ll be to develop this process for 
practical use. 
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Using a QRA, DSM and the different measures analyzed 
in Task 2, will allow the problem of the transport of 
dangerous goods through tunnels to be handled in a 
much more systematic way than it has been done to date. 

Phase Ill 

The next steps have not yet been finalized. They should, 
however, include the validation of the QRA and DSM 

models developed or studied under Phase II and the 
f inalization of an harmonized system to regu late 

dangerous goods in tunnels. 

Task 3: Risk reduction measures (including 

t ransport and tunnel ope rat ion) 

The objective of Task 3 is to recommend risk reduction 
measures for tunnels that are well adapted for each 
spec ific case, w ith detailed specif ications and an 
evaluation of the costs and effectiveness vis-a-vis the 
associated ri sks. Task 3 is organized in three phases. 

Phase I 

Detailed description and analysis of known measures 
and evaluation of (dis)advantages . 

Phase II 

Cost/effectiveness evaluation based on risk analys is 

adapted fo r each specific case. 

Phase Il l 

Specifications for improved or new measures using 
advanced telematics or other technology; possibly pre­
development or new measures. 

The investigation of measures to reduce the risk of transport 
of dangerous goods through tunnels was based on a 
literature survey, interviews with several tunnel managers 
and thei r ranking of the measures studied. Eleven tunnel 
operators in France, Italy, UK, Austria and the Netherlands 
were surveyed and this has to be taken into account for 
the interpretation of the findings. The study resulted in a 
ranking of di fferent measures with regard to (i) the 
reduction of the number of victims (Figure 8 and Table 3) 
and (i i) the effect on reducing structural damage to the 
tunnel. This is a basis for discussion and provides a 
reference list for systematic scientific work when using 
the QRA model in the future. 

Task 4: Conclusion and recommendations 

The objectives of Task 4 are to propose a standard 

international form ulation for tunnel regu lati ons 

concerning dangerous goods, lo recommend a general 

methodology to prepare decisions on authori zing or 

refus ing the transport of dangerous goods, and to 

recommend appropriate measures to reduce risks. This 

work is based on the results of the previous tasks . 
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Figure 8: Ranking of Measures by Their Effects on Reducing the Number of Victims 
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Table 3: Ranking of Measures by Their Effects on Reducing the Number of Victims 

High effect Medium effect Low effect 

Low cost Incident detection Restricted transit times Speed limits 
Prohib ition Distance between vehicles Road surface 

overtaking prohibited 
Vehicle identifica.tion 

Addi tion of lighting 
Limit ing quantit ies 

Medium cost Smoke control Action plan Addition of drainage system 
Emergency telephones CCTV Fire resistant structure 
Rescue team Radio commun ication 

Failure management 
Fire f ight equ ipment 
A larm signs 
Fire detection 
Fire res istant equipment 

High cost Emergency exits Escort 

Intermediate Conclusions 
The work of the jo int O ECD/PIARC Scientific Expert 
Group show s the increasing magnitude of the problem. 
Task 1 has, as assumed by the experts, proved that 
there is no consistency in the regulations of the transport 
of dangerous goods through tunnels at the internat ional, 
nat ional or regional level. It is surprising that the 
fo llowing four affected parties are not active and 
did not wish to parti c ipate in the p roject : the 
hauliers, producers and users of dangerous goods as 
wel l as the insurance companies. A lthough there 
are very few accidents with dangerous goods reported 
in tunnel s, the potential r isk is obv ious and the 
effects are unforeseeable if something happens. This 
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Cross section 
Alignment 

Explosion resistant structure 

ambitious resea rch project must overcome a number 
of difficulti es: 

1. Thi s is an extremely compl icated f ield with few 
experts. 

2. The theoret ical background in th is f ield w ith a 
sound experimental basis is I imi ted. 

3. The existing database is poor. 

4. Many partners are interested in this f ield but not 

all of them are active and support ive. 

5. Whi le many national administrations are aware of 
their responsibility and position towards society and 
have therefore contributed f inancially to the project 
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(e.g., Austria, Denmark, France, japan, Netherlands, 

Norway, Spa in, Sweden, Switzerland, UK, and the 
US), some other countries with tunnel s that 
experience problems w ith the transport of dangerous 
goods are still not engaged fi nancia l ly o r 

personal ly. 

6. The scope of the research project covers the whole 
fie ld from basic fundamental research to f inal 
application. This makes the work extremely difficult. 

7. There are few, if any, road-related research projects 
in the OECD or in the European programs wh ich 
are comparably demand ing. 

8. The subject covers many disciplines, including natural 
sciences, engineering, safety, environment, social 
sciences and policy. 

9. It is not only one of the most ambitious projects at 
this moment, but also one of the most interesting 
as it can only be handled at the international level 
through close cooperation between the OECD and 
PIARC along with the outstanding experts from their 
Member countries. 

The Expert Group is holding a spec ial session on 4 
October at the XX I World Road Congress in Kua la 
Lumpur. The discussion should prove to be of 
significant value to managers and operators of road 
networks inte rnat ionall y, and particu lar l y for 
professionals from the Asia Pacific reg ion in managing 

the rapid growth in demand for road infrastructure. 
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Abstract 

Malaysia is a leading producer of oil palm in the world. 
As such, oil palm fiber is abundantly available in 
Malaysia. Although the oil palm fiber is used in several 
different areas a new usage of this material in Stone 
Mastic Asphalt mixes is worth investigating. This is 
because of the additional 20% cost to the mix using 
the trad it ional German Viatop66 fiber in the original 
specification of the SMA mix. This paper looks into the 
performance of SMA samples w ith O il Palm fibers in 
comparison to SMA with the Viatop66. 

1.0 Introduction 
Most of the roads in Malaysia are paved with bitumen. 
Under the accelerated traffic growth and intense heat our 
pavements are subjected to drastic changes in their 
properties especially when heated in the presence of 
water and oxygen. When asphalt gets heated up, there is 
a tendency for the binder to soften and drain down 
slowly(l ). A repetition of thi s process, may cause 
premature pavement d istresses due to the accelerated 
loss of asphalt. The loss of asphalt is even higher in gap 
graded mixes like Stone Mastic Asphalt (SMA). One of 
the main reason for the addition of the fibers in SMA is 
to prevent the draining of the binder from the mix into 
the truck during transport of the material from the mixing 
plant to the construction site. The fibers also improve the 
service properties of the SMA mixes by forming a 
micromesh netting(2) in the asphalt mix to prevent drain­
down of asphalt so as to increase the stabi l ity and 
durabi li ty of the pavement mix. 

There are specia l fibers like Viatop66 f ibers(3) which 
have been used in Stone Mastic Asphalt (SMA), for the 
last two decades. However, thi s product is current ly 
been imported from Germany, which increases the 
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cost of SMA in Ma laysia by about 20%. In an effort to 
find an alternative but cost effective solution, oil pa lm 
f ibers seems to offer an alternative addit ive fo r SMA 
fiber research . This is because o il palm fiber is found 
in abundance in Ma laysia and the use of oil palm f iber 
in SMA can be inexpensive and may help reduce oil 
palm fiber waste in the country. 

The main objective of this study is to analyze the 
performance of aspha lt coated o il palm fiber in 
rubberi zed stone mastic asphal t. Several tests were 
conducted to determine the characteristics of o il palm 
fiber prior to use in stone mastic asphalt. This is to 
make sure that the organic contents in the oi l palm 
fiber do not pose a prob lem in terms of durability of 
the mix. 

2.0 Methodology 
In this study, severa l experiments were conducted to 
determine the characteri stics of oil palm and the control 
Arbocel Viatop66 fibers, in the rubberized binder. Th is 
was done to ensure that all the materials used fu lfil the 
basic specifications and requirements of SMA(3). 
Samples were made with different sizes of oi l palm 
fiber which approximately resemb le the size of the 
imported Viatop66 fiber. The SMA with Viatop66 fiber 
was treated as the contro l sample. 

Prelim inary tests were carried out on the different types 
of raw oil pa lm fibers to determine their physical 
properties. The tests involved the analysis of fiber size, 
moisture content and specific gravity. For the long 
type fibers the tensi le strength of the fiber was tested 
using the JNSTRON Machine. Fou r sizes of o il palm 
fiber were selected and tested. The meshed fiber sizes 
of 1 06!-lm, 180!-lm, 250!-lm and 300J..Lm were tested for 
the comparison study. 
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In addition to the above tests, the Resil ient Modu lus, 

Fatigue and Dynamic Creep tests were also conducted 

on the SMA mix wi th o il palm fiber and the con trol 
SMA w ith Arbocel Viatop66 f iber. The determination 
of the optimu m content of o il palm fiber was done by 

the Marshal l analys is and resil ient modulus methods. 

The optimums were selected on basis of maximum 

stabi lity, maximum bulk density, maximum res ilient 

modu lus and 4% airvoids. 

The percentage of asphalt used was 6% by weight of total 

mix and the percentage of rubber in the asphalt-rubber 
blend was 4% by weight of asphalt. The meshed oi l palm 

f ibers and the Viatop66 fibers were tested for drain down 

properties using the German in-house 15W 40 motor o il ­

fiber test. The f ibers were stirred at 1000 rpm in 160"C 

oil and is placed on a SOO).lm-sieve. After 5 minutes the 

mass of oil running through the sieve is measured. 

Binder drain dow n tests were also carried out on the 

SM A samples w ith and without the fi bers, to determine 

their binder retaining properties. The samples were 

prepa red in accordance w it h Sche ll enberg's 

proced ure(4) . The aggregate gradation for SM A was 
based on the p revious study carried in U PM(S). 

3.0 Results 
3.1 Physical Properties of Unmeshed Oil Palm 

Fiber 

The tests show t hat the average tensile strength of the 
long type fiber strands is qui te good (Table 1 ). Th is was 

used as the basis to select the type of o il palm f iber for 

meshing and gri nding. From the above process four 

sizes were obtained . They are 1 06).lm, 180).lm, 250).lm 

and 300).lm. It was not possible to carry out tensile 

strength test on the short type f iber and f iber dust. 

3.2 Oil Dra in-down Properties of Meshed Fibers 
Table 2 below shows the resu lts of the o il retaining 
properties of the o il palm fiber against the imported 

Viatop66 fiber. The weight of oi l drained out of the 

Viatop66 fibers is about 15l .Og while the oi l draindown 
value for the oil palm fiber is about 1 OS.Og. The max 

allowable value for any suitable fibers is 180.0g. 

Table 2: Oil Retaining Propert ies of 
Fibers 

Specimen Viatop66 Oil Palm Fiber 

Weight of pan (g) 293.5 293 .5 

Weight of pan + 444.5 398.5 

Drained motor oil (g) 

Weight of Motor 151 .0 105.0 

O il (g) 

3.3 Results of Optimum Oil Palm Fiber Content 

The res il ient modu lu s test results at 25 2 ( for 
0%, 0 .2%, 0.4%, 0.6%, 0.8% and 1.0% o il pa lm 

fiber content for each sizes are shown in Figure 1. 

The resilient modu lus of SMA mix at 252( increased 

w ith an increase in percentage of oi l pa lm fiber up to 
an optimum and then decreased. Al l of the fibers 

includ ing the Viatop66 (control) displayed a sim i lar 

increasing and decreasing trend. From the curves obtained, 

it can be seen that SMA samples with the o il palm fiber 
size of 300).lm gave the highest resi lient modulus value 

Table 1: Physical Properties of Unmeshed Oil Palm Fibers 

Fiber Category l ength Width Mo isture Content Specific Tensile 

Category (mm) (j.lm) (%) Weight Strength 
(kg/m3) (kPa) 

Air Saturated 

Dried 

D ust Minimum 3.0 27.77 13.4 32 .5 - -

Dust Average 7.1 34.07 14.9 35.3 13.28 -

Dust Maximum 13.0 38.89 16.9 36.9 - -

Short Minimum 7.0 127.78 12.9 40.1 - -

Short Average 17.4 1 51 .48 13.3 42 .0 8.74 -

Short Maximum 28 .0 161.11 13.6 44.2 - -

Long Minimum 20.0 105.58 5.7 61.5 - -

Long Average 142.3 358.34 7.0 63 .2 7.73 5.67 

Long Maximum 315.0 777.77 7.7 65.2 - -
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and comparable with the control mix using Viatop66. 
The fiber content of about 0.6% gave the optimum 
modulus of about 3500MPa. The fiber size of 180Jlm 
however displayed the lowest value. 

3.4 Binder Draindown 
Binder drain down analysis was carried on SMA with 
Viatop66, SMA with oil palm fiber and SMA plain. 
Table 3 shows the results of the binder drain down 
tests. It was found that the mix w ith oil palm fiber 
showed a lower value compared to the mix without 
any fiber and the mix with the Viatop66 fiber. The 
maximum permissible value is 0.3 percent. 

3.5 Marshall Stability 
The Marshall Stabi lity (Table 4) of the test samples and 
the respective graphs are shown in Figure 2. It can be 

seen that M arshall stability va lues increased when the 

percentage of oil palm fiber was increased. The highest 
stability values were obtained for 250J.1m fiber size 
w ith 16.31 kN . A comparable result was obtained for 
the 300 micron fiber at 0.6% fiber content with stabi l ity 
about 12. 37kN . However the stability values of each 

fiber content do not vary much between the four 
different sizes of oi l palm fiber. 

3.6 Marshall Density - Airvoids Analysis 
Figure 3 to 5 show the Marshall bulk density, voids in 
the mix, flow and the Voids filled with Asphalt 
va lues. From the plots it can be seen that both the oil 
palm and Viatop66 fibers displayed similar trends. The 
oil palm fibers in particular showed values which are 

close to or even better than Viatop66 fibers. Table 5 
shows the bulk densities for the optimum fiber contents 

of each fiber size. 

Table 3: Binder Drain Down Properties of SMA 

Mix Type Sample No. Wt. of Sample Wt. Retained % Retained Ave.% 

SMA-VT66 1 1016.4 1.20 0.1181 

2 1 01 8.1 1 .21 0.1188 

3 1017.0 1.20 0.1180 0.12 

SMA-OPF 1 1019.0 1.00 0.0981 

2 1018.6 0.90 0.0884 

3 1016.9 1.10 0.1082 0.10 

SMA-Piain 1 101 9.5 4.59 0.4502 

2 1017.1 2.54 0.2497 

3 1019.7 3.57 0.3501 0.35 

(note: bi nder content is 6.0%: VT66 = Viatop66: OPF = O il Palm Fiber) 

Table 4: Stability Results for Optimum Oil Palm Fiber Content 

%OPT STABILITY (KN) 
FIBER 

1 06j..lm 180j..lm 250j..lm 300j..lm Control 

0.2 10.97 6.21 10.85 7.58 15.51 

0.4 10.15 8.04 16.31 10.03 16.61 

0.6 10.38 8.45 10.72 12.37 16.28 

0.8 12.72 7.47 13.37 11 .43 15.72 

1 9.8 6.88 11 .29 I 10.72 15 

Table 5: Bulk Density of Each Oil Palm Fiber Size and Content 

% BULK DENSITY 
FIBER 

1 06j..lm 180j..Un 250j..lm 300j..Un Control 

0.2 2.28 2.31 2.31 2.25 2.274 

0.4 2.29 2.32 2.3 2.29 2.32 

0.6 2.29 2.23 2.34 2.29 2.35 

0.8 2.31 2.33 2.32 2.32 2.28 

1 2.24 2.29 2.33 2.26 2.26 
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3.7 Dynamic Creep Performance 
Dynam ic creep test was carried out on SMA samples 
with Viatop66 and Oil palm fibers. A set of SMA 
samples without fibers were also tested for comparison 
purpose. Table 6 shows the results of the different 
SMA mixes. SMA with the Viatop66 fiber gave the 
hi ghest va lues in terms of the number of load 
cycles to reach both the 1% and 3% stra in levels. 
However SMA with the Oi l palm fiber displayed 
equally good results. 

Table 6: Dynamic Creep Results of SMA 

Mix Type 1% Strain 3% Strain 

SMA Plain 153 3906 

SMA-VT66 454 7461 

SMA-OPF 404 5400 

4.0 Discussion and Conclusion 
From the resu lts obtained, it can be seen that the oil 

and binder retaining properties of the oil palm 
fiber are superior to the traditional Viatop66 fiber. 
The oil retaining value of the oil palm fiber (1 05.0g) is 
far be low the max allowable maximum weight of 
180.0g compared to 1 51 .Og for the Viatop66 fiber. 

The binder draindown value of the SMA mix wi th oil 
palm fiber is very much lower than the permissible 

0.3%. Both the oi l and binder retaining values of the 

SMA mix with the oil palm fiber are more than acceptable. 

The results thus indicate that oil palm fiber may be used 

as a direct substitute for the more expensive cellulose­
based fiber, currently used worldwide. 

Table 7 shows the summary of SMA mix requirement(3) 
and the Marsha ll resu lts of SMA with oil palm fiber (300 
micron). Overall, SMA with o il palm fiber showed results 
which are w ithin the SMA requirement range, except the 
flow which is a little lower than the required minimum. 

The 300 micron fiber seems to be quite consistent interms 
of the overal l performance (Table 8). It is obvious that the 
oil palm fiber performance in terms of stability, resilient 
modulus and bulk density is very much comparable to 
the Viatop66 fi ber. For each oil palm size the optimum 
fiber content range was determined based on the 
maximum bulk density, stabi l ity and resi lient modulus. 
The average fiber content ranges are shown in Table 9. 
For the chosen sizes the fiber content ranges from 0.53 
to 0.73 percent which is a little higher than the normal 
average Viatop66 fiber content of 0.3 percent (from 

previous research). 

Based on the above performance resu lts, the oil palm 
fiber size of 300jlm gave the overall best performance in 
terms of resilient modu lus and stabil ity and creep and 
met the requirements for NAPA SMA mix. The test results 

Table 7: Comparison Between SMA with 0.6% . Oil Fiber and SMA Control 

Marshall Design Parameter SMA-Oil Palm Fiber SMA Control Acceptance 

(size 300~) (Viatop66 Fiber) limits 

Voids In Total Mix, VTM 4.64% 4.50% 3% - 5% 

Asphal t Content, percent 6.0 6. 10 6.0 min . 

Voids In Minera l Aggregates, 18.0 17 17% min. 
VMA 

Stabil i ty, N 12 .37kN 16.28kN 6.2kN (min .) 

Flow, 0.25mm (0.01 inch) 4.7 5.75 6 - 8 

Compaction , number of b lows 50 50 50 
at each side of test specimen 

Table 8 : Optimum Mix Properties 

Size(~) Bulk Density Stability (kN) Resilient Modulus (MPa) 

106 2.303 11.2 3220 

180 2.313 8.2 2930 

250 2.330 13.7 3175 

300 2.306 12 3500 

Control 2.340 13.18 3963 
Viatop66 
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Table 9: Optimum Percentage of Oil Palm Fiber 

Size (J.lrn) for Bulk for Stability 
Density (%) (%) 

106 0.4 - 0.6 0.6- 0.8 

180 0.4 - 0.6 0.6- 0.8 

250 1 0.6 

300 0.6- 0.7 0.6 - 0. 7 

also show that the performance of SMA with oil palm 
fiber is quite comparable to SMA with the imported 
Viatop66 fiber in terms of dynamic load resistance. 
Eventhough the number of load cycles (5400) to reach 
the 3% strain for the oil palm fiber mix is sl ightly less 
than that of Viatop66 fiber (7 461 ), it is certainly very 
much higher than the SMA mix without any fibers. This 
indicates that the oi l palm fibers definitely improve the 
dynamic load resisting capabi l ity of the SMA mix 
compared to the one without any fibers. 

It was also observed that nearly all the properties show 
a maximum when plotted against the different percentages 
of oil palm fiber. This could be due to the increased 
resistance to Marshall compaction of high fiber contents 
causing reduction in air voids. Thus quite a number of 
the properties were reduced at a higher airvoids. 

for Resilient Average, % 

Modulus (Mpa) (%) 

0.6 - 0.8 0.53 - 0.73 

0.6 - 0.8 0.53 - 0.73 

0.4 - 0.6 0.67 - 0.73 

0.6 0.60 - 0.67 

The overall performance of oi l palm fibers in 
SMA gives an indication that there is a very 
promising market for the use of o il palm fiber in road 

mix. Since the oi l palm fibers are inexpensive the 
overall cost of the SMA mix could be almost 
comparable to the conventional mix. One of the 
major outcome of this research is the abi l ity of the 
oil pa lm fibers in preventi ng the drain down of 
b inders whi le improving the stabi li ty of the mix 
which shou ld lead to improved field performance. In 
addi tion to that the chemical composition of the oi l 
palm fibers show that they do not contain any 
deleterious elements that may cause serious problems 
when used in asphalt mixes. The low value of moisture 
content, and the alka li solubles in the oi l palm fiber 
may assist resisting the higher heat temperatures of the 
asphalt. 

Figure 1: Resilient Modulus Vs Percentage of Oil Pa lm Fiber 
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Figure 2: Marshall Sta bility Vs Percentage of Oil Palm Fiber 
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Figure 4: Flow Vs Percentage of Oil Palm Fiber + 8168 
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Figure 5: Voids Filled With Asphalt (VFA) Vs Percentage of Oil Palm Fiber 
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